Abstract-In this paper, the sequential monte carlo simulation method is used to obtain the reliability indices of an isolated hybrid microgrid consist of diesel generator (DG), solid oxide fuel cell (SOFC), wind turbine generator (WTG), and photovoltaic system (PV). Some atmospheric data such as wind speed, solar irradiation, and ambient temperature data are used to achieve the output power of WTG and PV systems which can be obtained by two method; collecting data from weather station or using the computer programs. For this purpose, Weibull distribution is used. To obtain the adequacy model of DG and SOFC, a two state reliability model is used. A combination of this model and output power formulation is also used to achieve the generation model of WTG, and PV systems. Furthermore, the total generation model is compared with IEEE reliability test system (IEEE RTS) load model and the reliability indices are then achieved, which show the effectiveness of the SMCS method in reliability evaluation of both stable and unstable resources like WTG and PV.
I. INTRODUCTION
The actual generation of power system structures must adapt to environmental policies, customer concerns, and reliability issues. The clean energy like wind and solar power should be considered for future power systems. Moreover, the recent challenges related to blackouts and power quality issues such as load changes are required a new concept of Micro Grid for future electric power supply [1] . The study in reliability of renewable energy systems have been reported in the beginning of 1980s. The reliability modeling and analysis of stand-alone PEM fuel cell power plants is carried out in [2] . Reference [3] developed and formulated a standard reliability terminology of photovoltaic power systems. In [4] , the reliability of a photovoltaic system is evaluated which a reliability block diagram is developed to model system behavior and estimate the reliability of the system. The reliability parameters of a PV system are also estimated in [5] . In [6] , some ways to achieve a higher reliability of a stand-alone hybrid power system is discussed. Billinton et al. evaluated the reliability and cost implications of a small isolated power system [7] . In their paper, some composite system indices are evaluated using Monte Carlo Simulation technique. Recently, to assess the reliability indices of a microgrid system, including WTG and micro gas turbine (MGT),a model was developed and applied to SMCS [8] . In this paper, a microgrid including some renewable energy supplies such as PV, WTG, SOFC, and DG with different configurations are studied to evaluate the system reliability indices. To model DG and SOFC, a two-state model is employed. To model the availability of PV and WTG, a combination of the two-state model and their inherent characteristics should be used. To evaluate the microgrid reliability indices, the IEEE RTS load model [9] is compared with the developed generation model. There are two reliability evaluation approaches: deterministic and probabilistic [10] . The deterministic approaches cannot identify the random behavior of the microgrid systems. To calculate the reliability indices of both stable and unstable resources like WTG and PV, the generation and load models are applied to the sequential MCS, as a probabilistic approach.
The work in this study is organized as follows: in Section 2, the electrical output power of wind system is modelled. The delivered output power of the PV system is formulated in Section 3. The adequacy assessment methodology of the microgrid system is introduced in Section 4 consist of microgrid generation and the load demand models. Section 5 is dedicated to present some case studies. Conclusion and future considerations are summarized in the last section of the paper.
II. MICROGRID COMPONENTS

A. Solid Oxide Fuel Cell
Solid Oxide Fuel Cells (SOFC) are particularly attractive because they are the most efficient in terms of fuel input to electricity output. The technology is best applicable in the MG. The high operating temperature produces heat suited well to cogeneration applications.
For calculating the stack voltage, Nernst's equation and Ohm's law (to consider ohmic losses) are applied. The stack output voltage V r can be represented by the following expression:
where E 0 is the voltage associated with the reaction free energy [V] . R gass is the gas constant, but care should be taken with the system unit [Jkmol:K]. r loss describes the ohmic losses of the stack. N0 is the number of cells associated in series in the stack, T and F are the cell temperature and Faraday's constant, respectively. I r is the stack current. P H2O , P H2 , and P O2 are the partial pressure of H 2 O, H 2 , and O 2 , respectively.
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B. Wind System Model
The static model of the wind energy system is used in reliability assessment consideration. The output power of a wind energy system depends on the wind velocity and its power curve. To depict the wind characteristics, a wind speed probability distribution based on Weibull distribution is used. where α is the scale parameter, β the shape parameter of Weibull distribution, and v the wind speed. To simulate the wind speed data the following equations can be used using the uniformly distribution random number U between[0,1]:
where v refers to the average value of wind velocity and σ stands for standard deviation of wind speed and Г represent the gamma function.
To model the wind system performance, its power curve must be also formulated in the form of polynomials as below [8] : where Prated , v cut-in , and v cut-out are the rated power, cut-in, and cut-out wind velocity, respectively. Moreover, v rated and v are the rated and actual wind speed, obtained from the mentioned algorithm, respectively. A power curve of a wind system is shown in Fig. 1 . The WTG characteristics are listed in Table I [11]. 
C. Photovoltaic System Model
The algorithm was used to obtain wind velocity data, can be also used to achieve the solar irradiation and ambient temperature data. The maximum power produced by a PV module under standard test conditions (STC) can be used to evaluate the module rated power in peak-watt. This test should be performed in a radiation level of 1kW/m2 and a cell temperature of 25⁰c. The electrical powers generated by a PV array consist of N modules can be computed using equations below [6] :
where s and T A are the radiation level and the ambient temperature, respectively. T C is the cell temperature (c°), I refers to short-circuit current of a PV module in A, K I indicates the temperature factor of the short-circuit current in A PV array with 5 modules per string and 10 strings in parallel is utilized in this work. The PV modules are produced by Mitsubishi Electric with the parameters given in Table II [12] . 
III. ADEQUACY ASSESMENT METHOD
The MCS method is a general designation for stochastic simulation using random numbers. In this method the random behaviors of the system are simulated [9] . In this study, the state duration sampling approach, which is a kind of the sequential MCS method, is applied to Microgrid system.
Consequently, a series of information in a time sequence are produced and the adequacy indices from a series of simulated experiments can be calculated. An adequacy assessment model for stand-alone Microgrid system is shown in the following subsection.
A. DG and SOFC Generation Model
The reliability model of DG and SOFC is obtained using the state duration sampling approach. In this study, a two-state reliability model is used. The time to failure (TTF) and time to repair (TTR) of DG and SOFC can be achieve by the following algorithm: 1) step1: generating two uniformly distributed random numbers U and U ' between [0, 1]. 2) step2: computing TTR and TTF by equations below [9] :
where MTTF and MTTR are the mean time to failure and repair, respectively.
B. WTG Generation Model
To obtain the adequacy model of a WTG, a combination of two-state model used in SOFC and DG reliability model and the output power given in equation (3), can be used as shown in Fig. 2 . 
C. PV Generation Model
Two-state unit model used in previous section can also be adopted in a PV system. The output power of PV should also be consider to achieve the PV reliability model as illustrated in Fig. 3 . 
D. Load Model
In this paper, the IEEE reliability test system (RTS) load model is used to compare with system availability and evaluate the reliability indices [9] . This model is shown in Fig. 4 . 
IV. CASE STUDY
In this study, different structures of microgrid including DG, WTG, PV, and SOFC as listed in Table III is used to show the effectiveness of each energy supply in total reliability of the system. The mean values of wind speed, ambient temperature, and solar radiation are given in this Table. IEEE RTS load with peak value equal to 560kw also considered. All the mentioned cases are applied to the sequential MCS to obtain the reliability indices. The reliability computation results are given in Table IV . Case1 is the basic microgrid system consist of ten 32 kW DG and five 60 kW SOFC without any PV and wind turbine generator. The results show that the loss of load expectation (LOLE) is 0.176 day/yr and the loss of load frequency (LOLF) is 0.141occ/yr which represents the high reliability level of SOFC and DG. In case2, two 20 kW WTGs are also added to the basic system. WTG and PV deduce the consumption rates of natural gas and fuel of DG.
Case 3 has a similar structure to case1 but two 20 kw WTGs replace with a 32 kW DG. The simulation results show that in this case the reliability indices are became worse because of the dependence of wind on nature and environment. In such a situation a battery storage can be used. The results of this case are shown in Fig. 5 and Fig. 6 .
The days of trouble probability histogram of case 3 is shown in Fig. 7 . In case 4, a 40 kW PV array is added to basic system in case1, so our system became more reliable than case1. Case5 is similar to case 1, but a 32kW DG unit is removed and a PV array is added to case1. The MCS results prove that the reliability of our system is became worse like case3. It's also because of the nature of PV systems which depends on the weather conditions and cannot guarantee a good availability. In this case also a battery storage can be fruitful. In the last case, which has similar configuration to case5 only two 32 kW WTG are added and one of the DG units is removed, in another word, comparing with case1 a 40kW PV array and two 20 kW WTGs are replaced with two 32 DG units. The microgrid system, in this case is more unreliable than case1 due to the nature of PV and WTG systems. 
V. CONCLUSION
Reliability assessment of a hybrid microgrid consist of DG, SOFC, WTG, and PV system, is carried out using SMCS. The generation model of each supply is separately built. Then, the total generation model of microgrid is constructed and compare with IEEE-RTS load model to calculate the reliability indices using SMCS. The simulation results prove that WTG and PV systems are more unreliable than the other kind of local distributed resources, because of their nature which depend on weather condition. However, using a storage system can increase the stand-alone microgrid system reliability. Also the economical aspects can be taken into account in adequacy study of microgrid.
